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(57) ABSTRACT 

A high frequency heating apparatus including a circuit for 
driving a magnetron. A circuit comprises a leakage 
transformer, a Second capacitor connected in Series to pri 
mary coil of Said leakage transformer, a Second Switching 
device connected in parallel with a Series circuit of Said 
primary coil and Second capacitor, a first capacitor con 
nected in parallel with Said Second Switching device, and a 
first Switching device connected in Series to Said Second 
Switching device. Under a structure of the present invention, 
the Switching device and the leakage transformer, both being 
the key components of the circuit, may respectively be used 
in common either on a circuit of 200V-240V commercial 
power Supply or on a circuit of 100 V-120V commercial 
power Supply. This enables Volume production of the key 
components, which leads to a benefit of reduced cost of the 
components as well as the cost of heating apparatus. 

23 Claims, 25 Drawing Sheets 
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FIG. 2(a) 

FIG. 2(b) 

FIG. 2(c) 
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FIG. 3(a) Mode 1 FIG. 3(b) Mode 2 
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FIG. 16(b) 
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HIGH FREQUENCY HEATING APPARATUS 

This application is a U.S. National Phase Application of 
PCT International Application PCT/JP99/04176. 

TECHNICAL FIELD 

The present invention relates to a high frequency heating 
apparatus that performs induction heating using a 
magnetron, for example a microwave-cooking oven; more 
Specifically to the Structure of a circuit for driving a mag 
netron. 

BACKGROUND ART 

The power Supply circuit incorporated in a home-use high 
frequency heating apparatus and various other Such appara 
tus is bulky and heavy in weight. Reduction in size and 
weight of the power Supply circuit has been one of the main 
tasks in the industry. Efforts have been made in many Sectors 
to make it compact, light and inexpensive through adoption 
of the Switching power supply. Also in the field of food 
processing high frequency heating apparatus using a 
magnetron, the magnetron driving circuit is requested to 
reduce its size and weight. There is a patent that intends to 
meet the requirement through introduction of the Switching 
power supply (PCT/JP98/00751). 

According to the above patent, the Switching loSS of 
Semiconductor Switching devices operating at high fre 
quency is reduced through adoption of a resonance type 
circuit, which circuit being an essential technology in the 
Switching power Supply. Because of a high Voltage in the 
circuit generated by the functioning of resonance circuit, the 
Semiconductor Switching devices and other relevant electric 
components are required to have high Voltage Specifications. 
This makes the circuit large and heavy. In order to evade 
Such problems the above patent discloses the following 
Structure. 

AS shown in FIG. 28, a conventional circuit comprises a 
DC Source 1, a leakage transformer 2 connected to one end 
of the DC Source 1, a first Semiconductor Switching device 
6 connected in Series to a primary coil 3 of the leakage 
transformer 2 and to the other end of the DC Source, a first 
capacitor 4 connected in parallel with the primary coil 3 of 
the leakage transformer 2, a Series circuit of a Second 
capacitor 5 and a Second Semiconductor Switching device 7, 
driving means 8 having an oscillator for driving the first 
Semiconductor Switching device 6 and the Second Semicon 
ductor Switching device 7, rectifying means 10 connected to 
a Secondary coil 9 of the leakage transformer 2, and a 
magnetron 11 connected to the rectifying means 10. The 
Series circuit of the Second capacitor 5 and the Second 
Semiconductor Switching device 7 is connected in parallel 
with the primary coil 3 of the leakage transformer 2. 
A feature of the above circuit Structure is that a Voltage to 

be applied on the main first Semiconductor Switching device 
6 can be lowered by the use of an auxiliary Second capacitor 
5 that has a capacitance greater than that of the first capacitor 
4 which forms a resonance circuit in combination with the 
leakage transformer 2. 

Thinking of cases where the DC source 1 is provided by 
rectifying a commercial power Supply. The commercial 
power Supply comes in different Voltages, for example 100V 
in Japan, 120V in the U.S., 240V in the UK and Peoples 
Republic of China, 220V in Germany. Even within Japan, 
many of the power consuming professional apparatus 
receive the power supply at 200V. 

In a case where the commercial Supply Voltage is 100V or 
120V, the voltage to be applied on the main first Switching 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
device 6 may be reduced by the above described circuit. 
However, if Voltage of the commercial power Supply is 
higher than 200V, the voltage to the main first Switching 
device 6 goes high in the circuit disclosed by the above 
patent. Also, it is necessary to change inductance of the 
primary coil and the Secondary coil of leakage transformer 
2, as well as capacitance of the first capacitor 4 and the 
Second capacitor 5. 

Table 1 compares the constants of the leakage transformer 
2, the first capacitor 4 and the Second capacitor 5, and the 
voltages on the first Switching device 6 in the 100V power 
supply and the 200V power supply. Table 1 teaches us, for 
example, that the inductance of primary coil of leakage 
transformer 2 increases to approximately 4 times, the num 
ber of coil turns increases, in proportion to the Square root 
of inductance, to approximately two times. Thus the Struc 
ture undergoes a Substantial change. 

Also, the withstand voltage of the first Switching device 6 
has to be raised to meet the two-fold Voltage to be applied 
thereon. 
The conventional circuit has two problems when it 

encounters a commercial power Supply higher than 200V. 
One problem is that the Voltage applied on the Switching 
device goes high, the other problem is that the leakage 
transformer, the first capacitor and the Second capacitor are 
compelled to have different constants respectively. 
The conventional circuit is described further referring to 

FIG. 28. A parallel resonance circuit formed of the leakage 
transformer 2, the first capacitor 4 and the Second capacitor 
5 makes the voltage of primary coil 3 to be higher than the 
DC Source Voltage by the resonance effect. 

Therefore, when the DC source is provided from a high 
Voltage commercial power Supply, the Voltage of primary 
coil 3 goes still higher. So, it becomes necessary to lower the 
Step-up ratio of leakage transformer 2 (ratio in the number 
of turns between the primary coil 3 and the Secondary coil 
9), and to increase the number of turns of primary coil 3 in 
order to lower the voltage of primary coil 3. 

TABLE 1. 

100 V 2OO V 

Leakage transformer 

Primary coil inductance 45 uH 150 uH 
Secondary coil inductance 14 mH 8 mH 
Coupling coefficient of O.74 O.74 
Primary-Secondary coils 
First capacitor capacitance 0.18 uF 0.05 uF 
Second capacitor capacitance 4.5 uF 4.5 uF 
Voltage on first switching device 430 V 930 V 

The DC source 1 is composed of rectifying means for 
rectifying commercial power Supply and a filter formed of 
an inductor and a capacitor to Smooth the output. 
The filter Smoothes the Voltage, removes a noise gener 

ated as a result of Switching operation by Switching device 
and avoids intrusion of a noise from outside. 

However, the filter formed of an inductor and a capacitor 
generates an Overvoltage twice as high as that of the DC 
Source at the moment when the power is on. 

There is another problem that is related with a sudden 
change of impedance caused by a discharge Started within 
magnetron tube. Relationship between primary coil 3 and 
Secondary coil 9 of the leakage transformer 2 is shown in 
FIG.32(a), in the form of an equivalent circuit diagram. The 
primary coil 3 may be divided into a leakage inductor and an 
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exciting inductor; further the exciting inductor and the 
Secondary coil 9 magnetically coupled with an ideal trans 
former (magnetic coupling coefficient 1). Both ends of the 
Secondary coil are connected with the rectifier circuit, the 
rectifier circuit is connected to a magnetron. In the drawing, 
L represents inductance of the primary coil, L inductance 
of the Secondary coil. 
When impedance of a magnetron becomes extremely 

Small to an equivalence of short-circuiting of the Secondary 
coil, an equivalent circuit of leakage transformer 2 is as 
shown in FIG. 32(b). There is only a leakage inductor. The 
inductance L of which is given by the formula below. 

L=(1-k)xL (Formula 1) 

where: 

L is inductance of primary coil 
k is coefficient of magnetic coupling between primary coil 

and Secondary coil 
When the secondary coil 9 is short-circuited, inductance of 
primary coil becomes Small. Therefore, a large current as 
shown in Formula 2 flows to the first switching device 6. 

I=VoxTfL (1) (Formula 2) 

V: output voltage of DC Source 1 
T.: Time of conduction in the first Switching device 4 

Because of the Small L the current is an overcurrent; 
furthermore, an overVoltage is generated when the first 
Switching device 6 turns OFF. Thus the first Switching 
device 6 is given with a great stress by the overcurrent and 
the overVoltage emerging continuously. 

Still, there is a following problem with respect to driving 
of a magnetron. An appropriate temperature for magnetron 
cathode is approximately 2100 K. If the cathode tempera 
ture is not appropriate, the magnetron is unable to operate 
and impedance between anode and cathode is greater then 
100MO. When a cathode is in an appropriate temperature, 
the constant Voltage characteristics of magnetron keeps the 
Voltage between anode and cathode at-4 kV. AS the cathode 
heating current is delivered from a tertiary coil 26 of leakage 
transformer, as shown in FIG. 28, a State of high impedance 
between the anode and the cathode at the Start-up lasts until 
the cathode temperature reaches the appropriate level. Dur 
ing the State, the constant Voltage characteristics do not exist 
between the anode and the cathode, and a voltage higher 
than -4 kV is generated. 

The rectifier and the filter forming the DC source 1, the 
first Switching device 6, the Second Switching device 7, the 
first capacitor 4, the Second capacitor 5, the driving means 
8, the leakage transformer 2 and the rectifying means 10 are 
normally disposed on a Same printed circuit board for the 
sake of compactness. FIG. 29 shows structure of a printed 
circuit board 12. The rectifying means 10 is connected with 
the secondary coil 9 of leakage transformer 2, while the 
other electric components are connected with the primary 
coil 3; and the former and the latter are insulated with each 
other. 

However, if Some of these components are mounted aslant 
or they are tilted later by an external force, there is a 
possibility that the electric components forming the rectify 
ing means 10 and those connected with the primary coil 3 of 
leakage transformer 2 might come into contact with each 
other. In order to avoid Such a contact to happen, following 
means are taken. 

1O 
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4 
As illustrated in FIG. 29, a high withstand voltage diode 

13, which being an electric component pertaining to the 
rectifying means 10, is disposed away from the first capaci 
tor 4, with a distance long enough not to cause mutual 
contact even if they topple. 
The electric components to be connected with the primary 

coil of leakage transformer 2 are molded, in order that they 
do not fall down even if a certain external force is given to. 
Or, a barrier is provided between components for Supporting 
a toppled component, if any, in order that it does not fall 
down among the other components. The electric compo 
nents are mounted and fixed with glue. These are Some of the 
methods taken in the conventional configuration to avoid the 
troubles. 

Conventional measures taken to prevent electric compo 
nents on a printed circuit board from making mutual contact 
by an accidental force, or to prevent those components that 
were mounted oblique by mistake of an assembly perSon 
from making mutual contact at a later Stage, have following 
drawbackS. Problem 1; mounting the components on a board 
with a Sufficient inter-Space enough to avoid mutual con 
tacting even if they fall down takes too much board Space, 
makes it difficult to reduce the board size. Problem 2, 
molding the components for higher insulating capability 
means an extra cost needed for providing the additional 
processing on finished components. Problem 3; providing an 
insulation board between the high Voltage circuit and the 
low Voltage circuit makes assembly of printed circuit board 
difficult, hence a higher cost. Problem 4, fixing the compo 
nents by gluing takes longer assembly work hour, and 
effectiveness of the gluing does not necessarily last long. 
A magnetron is disposed in a place apart from a printed 

circuit board on which electric components for the driving 
circuit are mounted. So the anode and the cathode of a 
magnetron need to be connected with the printed circuit 
board by Some means. Cathode is connected to the printed 
circuit board with a lead wire, while anode is connected to 
the printed circuit board through a metal cabinet of the high 
frequency heating apparatus. 
AS the body itself of a magnetron forms the anode, the 

electrical connection between anode and metal cabinet is 
completed by Simply mounting and fastening a magnetron 
on the metal cabinet using a Screw bolt. 
Now, the electrical connection between the metal cabinet 

and the printed circuit board is described. The connection is 
a critical point. If by Some reason the connection in this 
respect was forgotten in the assembly line, magnetron does 
not operate. Or, if the connection was incompletely made, a 
resulting contact resistance may generate heat, giving dam 
age on the neighboring components, or in the worst case, the 
circuit board may be Scorched. 
The connecting means is described referring to the draw 

ings. In FIG. 28, a first connection point 14 represents a 
point of connection between a pattern 16 of printed circuit 
board 12 (FIG. 30) and a point 14 which signifies metal 
cabinet of a high frequency heating apparatus, or a metal 
sheet 17 forming the cabinet (FIG. 30). FIG. 30 is a cross 
Sectional view showing a connecting Section of metal cabi 
net of a high frequency heating apparatus, or a metal sheet 
17 forming the cabinet, and the printed circuit board 12. A 
cylindrical eyelet 18 inserted to a hole of printed circuit 
board 12 is fixed by solder 15 with a pattern 16 of the printed 
circuit board 12 to share a same electrical potential. The hole 
diameters of the eyelet 18 and the hole in the metal sheet are 
slightly smaller than the diameter of a tapping bolt 19. When 
the tapping bolt 19 is Screwed tight, it proceeds cutting into 
part of the eyelet 18 and the metal sheet 17, and the solder 
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15 is fixed firmly onto the metal sheet 17. Thus, the pattern 
16 and the metal sheet 17 have a Sure electrical connection 
with each other. 

FIG. 31 shows the printed circuit board 12 mounted with 
electric components, as viewed from the top. The printed 
circuit board 12 is provided with as many as five holes 20, 
21, 22, 23 and 24 in the edge portion for fixing, because it 
bears on it relatively heavy Substance Such as the leakage 
transformer. And a resin frame is provided for protecting the 
printed circuit board from a damage that could be caused by 
Vibration, Shock by a drop, etc. during transportation. The 
above described hole with eyelet is indicated by numeral 25. 
A practical weak point with the conventional assembly 

operation of printed circuit board is that, because there are 
a plurality of holes to be fastened with screw bolt in a board, 
an assembly perSon on the production line might forget to 
put a Screw bolt in the functionally important hole provided 
with eyelet. 

DISCLOSURE OF THE INVENTION 

A circuit in accordance with the present invention com 
prises a DC Source, a leakage transformer connected to the 
positive terminal of the DC Source, a Second capacitor 
connected in Series to primary coil of the leakage 
transformer, a Second Switching device connected to the 
positive terminal of the DC Source, a first capacitor con 
nected in parallel with the Second Switching device, a first 
Switching device connected in Series to the Second Switching 
device and connected to the negative terminal of the DC 
Source, driving means for driving the first and the Second 
Switching device, rectifying means connected to the Second 
ary coil of the leakage transformer, and a magnetron con 
nected to the rectifying means. 

The Series connection of primary coil of the leakage 
transformer and the Second capacitor divides the DC Source 
Voltage, leading to reduced Voltage to be applied on the first 
and Second Semiconductor Switching devices. And, the cir 
cuit of the present invention may use a leakage transformer, 
a first capacitor and a Second capacitor whose respective 
constants are Substantially identical to those in conventional 
circuits. 
A Surge absorber provided at the output of a filter forming 

the DC Source absorbs an Overvoltage. AS the Overvoltage is 
a transient phenomenon and the output voltage of filter 
quickly returns to the steady Voltage (DC Source Voltage), 
the Surge absorber does not keep absorbing the overVoltage. 

Other exemplary Structure the circuit is connecting a point 
of connection between primary coil of the leakage trans 
former and the Second capacitor to one end of the DC Source 
with a first resistor, and the point of connection to with the 
other end of the DC Source with a second resistor for 
detecting the Voltage of primary coil of the leakage trans 
former. Based on the detection, generation of overVoltage at 
the Start-up in the Secondary coil of the leakage transformer 
can be controlled. 

Furthermore, in order to prevent electric components on 
a printed circuit board from falling down to make contact 
with other electric components, an anti-toppling tool may be 
provided at the foot of the electric components. With the 
above described Setup, it becomes unnecessary to provide 
additional treatment on finished components or extra inter 
Space between the components, as practiced in conventional 
circuits. Therefore, a printed circuit board can be made 
Smaller and cheaper. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of magnetron driving circuit used in 
a high frequency heating apparatus, in accordance with a 
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6 
first, a Seventh and an eighth exemplary embodiments of the 
present invention. 

FIGS. 2(a)-(c) show examples of rectifier circuits of the 
Secondary coil of leakage transformer, in accordance with 
the first exemplary embodiment of the present invention. 

FIGS. 3(a)-(f) show the circuit of FIG. 1 in operating 
modes 1-6. 

FIG. 4 is a waveform chart showing the voltage and the 
current in the circuit of FIG. 1. 

FIG. 5 is a chart used to describe a second exemplary 
embodiment, where an output characteristic in the circuit of 
FIG. 1 is shown. 

FIGS. 6(a) and 6(b) show current waveform charts of the 
first Switching device, used to describe a Second exemplary 
embodiment. 

FIG. 7 is a simplified equivalent circuit of the second 
capacitor 35, the leakage transformer 32 and the magnetron 
41, used to describe a third exemplary embodiment. 

FIG. 8 is a characteristics chart showing a relationship 
between the frequency and the current of an AC signal 
Source in the equivalent circuit of FIG. 7. 

FIG. 9 is a circuit block diagram; where, the circuit of 
FIG. 1 is added with a pulse width modulation section, 
which being a content of the invention in a fourth exemplary 
embodiment. Electric components in the circuit are Sorted to 
respective functional blocks, and Voltage, or current, wave 
form at corresponding blockS is shown. 

FIGS. 10(a) and 10(b) show waveform charts of the 
fourth exemplary embodiment; FIG. 10(a) is a voltage 
waveform chart of an output from Voltage detection Section, 
FIG. 10(b) is a voltage waveform chart of an output from 
pulse width modulation Section. 

FIG. 11 is a circuit block diagram; where, the circuit of 
FIG. 9 is added with a frequency modulation section, which 
being a content of the invention in a fifth exemplary embodi 
ment. 

FIGS. 12(a)-12(c) show waveform charts in the circuit of 
FIG. 11 in embodiment 5; FIG. 12(a) is a voltage waveform 
chart of an output from voltage detection section, FIG. 12(b) 
is a voltage wave form chart of an output from pulse width 
modulation section, FIG. 12(c) is a voltage waveform chart 
of an output from frequency modulation Section. 

FIG. 13 is a circuit block diagram; where, the circuit of 
FIG. 11 is added with a start-up frequency Setting Section, 
being a content of the invention in embodiment 5. 

FIG. 14 is a circuit block diagram; where, the circuit of 
FIG. 13 is added with an output adjustment Section, being a 
content of the invention in embodiment 5. 

FIGS. 15(a)-15(c) show waveform charts in the circuit of 
FIG. 14 in embodiment 5; FIG. 15(a) shows a voltage 
waveform of an output from Voltage detection circuit under 
output control, FIG. 15(b) shows a voltage waveform of an 
output from pulse width modulation circuit, FIG. 15(c) 
shows a Voltage waveform of an output from frequency 
modulation circuit. 

FIGS. 16(a)-16(c) show examples of important circuit 
diagrams in accordance with a sixth exemplary embodiment. 

FIG. 17 is a circuit diagram for driving a magnetron in 
high frequency heating apparatus in accordance with an 
eighth exemplary embodiment of the present invention. 

FIG. 18 is a circuit diagram of other combination for 
driving a magnetron in high frequency heating apparatus in 
accordance with a ninth exemplary embodiment of the 
present invention. 
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FIG. 19 shows voltage, or current, waveform in electric 
components at a Sudden impedance change bringing a 
magnetron to a short-circuit State in the embodiment 9. 

FIG. 20 is a circuit diagram showing the structure of 
embodiment 9. 

FIG.21 is a circuit diagram showing other combination of 
the embodiment 9. 

FIG. 22 is a circuit diagram Showing the Structure of a 
tenth exemplary embodiment. 

FIG. 23 illustrates how electric components in the circuit 
diagram of FIG. 1 are mounted on a printed circuit board, 
used to describe an eleventh exemplary embodiment. 

FIG. 24 is a magnetron driving circuit in accordance with 
a twelfth exemplary embodiment, where provision of a lead 
wire is taken into account. 

FIG.25 is an illustration used to describe the embodiment 
12, a top view of a printed circuit board mounted with 
electric components of the magnetron driving circuit. 

FIG. 26 shows the structure of a lead wire 62 in accor 
dance with the embodiment 12. 

FIG. 27 is an illustration used to describe the soldering 
operation of a printed circuit board mounted with the electric 
components of magnetron driving circuit of the embodiment 
12. 

FIG. 28 is a circuit diagram showing a conventional 
magnetron driving circuit of high frequency heating appa 
ratuS. 

FIG. 29 is an illustration how the electric components of 
magnetron driving circuit are mounted on a printed circuit 
board of a conventional high frequency heating apparatus. 

FIG. 30 is a cross sectional view showing a joint portion 
between a printed circuit board of a magnetron driving 
circuit and the metal cabinet, or a metal sheet forming part 
of the metal cabinet, in a conventional high frequency 
heating apparatus. 

FIG. 31 is a top view of a printed circuit board mounted 
with electric components of magnetron driving circuit in a 
conventional high frequency heating apparatus. 

FIG. 32(a) is an equivalent circuit diagram of a leakage 
transformer, FIG. 32(b) is an equivalent circuit diagram of a 
leakage transformer at a time when a magnetron is in a State 
of short-circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Exemplary Embodiment 
FIG. 1 shows a magnetron driving circuit of a high 

frequency heating apparatus in accordance with a first 
exemplary embodiment of the present invention. The driv 
ing circuit comprises a DC Source 31, a leakage transformer 
32, a first Switching device 36, a first capacitor 34, a Second 
capacitor 35, a Second Switching device 37, driving means 
38, a full-wave voltage-doubling rectifier circuit 40 and a 
magnetron 41. The DC source 31 provides a DC voltage 
V, obtained by full-wave rectifying a commercial power 
Supply to a Series circuit formed of the Second capacitor 35, 
a primary coil 33 of the leakage transformer 32 and a first 
semiconductor Switching device 36. The first Switching 
device 36 and the second switching device 37 are connected 
in series, the series circuit formed of the primary coil 33 of 
leakage transformer 32 and the Second capacitor 35 is 
connected in parallel with the second Switching device 37. 

The first capacitor 34 is connected in parallel with the 
Second Switching device 37. A high Voltage output generated 
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at the secondary coil 39 of leakage transformer 32 is 
converted into a high DC voltage by the full-wave voltage 
doubling rectifier circuit 40, and applied between an anode 
and a cathode of the magnetron 41. A tertiary coil 42 of 
leakage transformer 32 delivers current to the cathode of 
magnetron 41. Conditions for driving a magnetron 41 is 
disclosed in the above patent (PCT/JP98/00751), so only an 
outline is described here. The magnetron is provided with a 
negative Voltage. During operation of a magnetron, the 
constant Voltage characteristics keep the Voltage at approxi 
mately -4 kV. In order to effectively use the positive voltage 
generated at leakage transformer 32, the rectifying means 
chooses either the full-wave Voltage-doubling rectifying 
circuit as shown in FIG. 1, the half-wave voltage-doubling 
rectifying circuit of FIG. 2(a), the full-wave rectifying 
circuit of FIG. 2(b) or the center tapped rectifying circuit of 
FIG. 2(c). 
The first Switching device 36 is formed of an IGBT and 

a diode connected in parallel with it. The Second Switching 
device 37 is likewise formed of an IGBT and a diode. The 
driving means 38 contains in it an oscillator for providing 
driving Signal to the first Switching device 36 and the Second 
Switching device 37. Signal of a certain specific frequency 
and duty generated in the oscillator is delivered to the first 
Switching device 36 as the drive signal. 
The second Switching device 37 is provided with a signal 

reverse to the driving Signal delivered to first Switching 
device 36, added with a delay time. 

Operation of the circuit of FIG.1 may be divided into six 
modes described in FIG. 3. The operation is described 
referring to FIG. 3 and FIG. 4, where the voltage/current 
waveforms of Switching devices 36 and 37 are shown. In 
mode 1 (FIG. 3(a)), when the Switching device 36 is 
provided with a drive signal, current from the DC source 31 
flows through the primary coil of leakage transformer 32 and 
the second capacitor 35. In mode 2 (FIG. 3(b)), the first 
Switching device 36 turns OFF, and the current flowing 
through the primary coil 33 and the second capacitor 35 
Starts going towards the first capacitor 34. At the same time, 
the Voltage at first Switching device 36 goes up. In mode 3 
(FIG. 3(c)), Voltage of the first capacitor 34 goes from V. 
towards OV. In the mode 3, voltage of the first capacitor 34 
reaches OV, and a diode constituting the Second Switching 
device 37 turns ON. In mode 4 (FIG. 3(d)), direction of the 
current flowing through the primary coil 33 and the Second 
capacitor 35 is reversed by resonance; therefore, the Second 
Switching device 37 needs to be in ON state at this moment. 
During the modes 3 and 4, the Voltage of first Switching 
device 36 becomes identical to the DC Source Voltage V. 
In the area where the effective value of commercial power 
Supply is 230V, for example in European countries, the peak 
Voltage becomes root 2 times, and the peak voltage of DC 
source V, becomes approximately 325V. In mode 5 (FIG. 
3(e)), the second switching device 37 turns OFF, the current 
flowing through second capacitor 35 and primary coil 33 
Starts going towards the first capacitor 34, and the Voltage of 
first capacitor 34 goes up to V. In mode 6 (FIG. 3(f)), the 
Voltage of first capacitor 34 reaches V, and a diode 
constituting the first Switching device 36 turns ON. Direc 
tion of the current flowing through the primary coil 33 and 
the Second capacitor 35 is reversed by resonance; the first 
Switching device 36 needs to be in ON state at this moment. 
This is the mode 1. During the modes 6 and 1, the voltage 
of second Switching device 37 is identical to the DC source 
Voltage VDC. 

The effects of the present embodiment are as follows. 
Firstly, the highest Value of a Voltage to be applied on the 

first Switching device 36 and the second Switching device 37 
can be made identical to the DC Source Voltage V. 
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Secondly, Switching loSS of the Switching device can be 
reduced by the resonance System. Outline of this point is 
described below. Modes 2 and 5 are the resonance period, 
during which the current from the primary coil 33 flows to 
first capacitor 34 and Second capacitor 35. Capacitance of 
the first capacitor 34 is approximately /20 to /30 of that of the 
Second capacitor 35; therefore, the composite capacitance is 
close to that of the first capacitor 35. The voltage applied on 
first switching device 36 and second switching device 37 
during modes 2, 5 varies along with a time constant deter 
mined by the composite capacitance and the impedance of 
leakage transformer 33. The voltage shift with an inclination 
determined by the above described time constant decreases 
the Switching loss of first Switching device 36 during OFF 
period in mode 2. Furthermore, the Voltage applied on first 
Switching device 36 in mode 5 becomes zero, which 
decreases the Switching loss of first Switching device 36 
during ON State. This is called a Zero Voltage Switching, and 
these are the feature of the resonance circuit System. The 
present method utilizes the feature, while the Voltage on 
Switching device does not go beyond the DC Source Voltage 
Vdc. 

Thirdly, the magnetrons are driven with the negative 
Voltage. The positive Voltage generated at leakage trans 
former 2 can be effectively utilized by selecting a full-wave 
Voltage-doubling rectifying circuit, a half-wave Voltage 
doubling rectifying circuit, a full-wave rectifying circuit or 
a center tapping rectifying circuit for the rectifying means. 

Second Exemplary Embodiment 
The Second capacitor 35 has a Sufficiently great capaci 

tance So as to make the Voltage ripple Small, as shown in the 
bottom of FIG. 4. This is one of the points of significance 
with the present invention. Shown in Table 2 are leakage 
transformer 32, first capacitor 34, second capacitor 35, third 
capacitor 43 forming the filter DC source 31 and the 
operating frequency. 

TABLE 2 

Leakage transformer 

Primary coil inductance 45 uH 
Secondary coil inductance 14 mH 
Coupling coefficient of O.74 
Primary-Secondary coils 
First capacitor capacitance 0.18 uF 
Second capacitor capacitance 4.5 uF 
Operating frequency 35 kHz 

Constants of the leakage transformer, the first capacitor 
and the Second capacitor remain identical to those of leakage 
transformer, first capacitor and Second capacitor shown in 
Table 1, which are used in a conventional circuit described 
in the Background Art. The Second capacitor 35 has a great 
capacitance, approximately identical to that of the third 
capacitor 43. FIG. 5 is an output characteristic of the circuit 
of FIG. 1, showing the cases where the second capacitor 35 
has a great capacitance (approximately identical to that of 
the third capacitor 43) i.e. the present case, and where it has 
a Small capacitance (approximately half of that of the third 
capacitor 43). 

The output characteristic of FIG. 5 represents a case 
where it is controlled by changing the ratio of ON time vs 
cycle (duty), while the drive signal cycle of first Switching 
device 36 is fixed. Shown in FIG. 5 is the output charac 
teristic within a range where the first Switching device 36 
can make the Zero Voltage Switching. AS Seen from the FIG. 
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5, the greater the capacitance of Second capacitor 35 the 
broader the range of output variation. 

FIG. 6 compares waveform of the current flowing in the 
first Switching device 36; with respect to the cases where 
capacitance of the Second capacitor 35 is great and Small. In 
the case where the capacitance is great, the current is seen 
in a tilted straight line form during the ON conduction period 
T, while the waveform line takes a rounded form when 
the capacitance is Small. From this State, if the ON conduc 
tion time is extended to T' the current increases linearly 
to have an increased area indicated with Slant lines, when the 
capacitance is great. The area of current determines the 
amount of output. In the case where the capacitance is Small, 
the area of increase is Smaller relative to the case of great 
capacitance. Namely, the change of output remains Small for 
an increase, or decrease, of ON conduction time. This 
represents that it is difficult to control an output through the 
conduction time (pulse width). 

For enabling the output control through the conduction 
time (pulse width), the present embodiment chooses the 
capacitance C of Second capacitor, the inductance L of 
primary coil of leakage transformer, the resonance fre 
quency f determined by the foregoing two factors, and the 
operating frequency f. to establish an appropriate relation 
ship. The conditions to be met are: 

f=1/(2x3xv((L1xC2)) (Formula 3) 

f: resonance frequency 
Also in the present embodiment, Capacitance C of Sec 

ond capacitor 35, inductance L of primary coil 33 of 
leakage transformer, resonance frequency f, and operating 
frequency f. fulfil Formula 4. 

1. 38<ff<4 (Formula 4) 

By assuming the above condition, the present embodi 
ment controls the output through pulse width (duty). 
Furthermore, the output control through pulse width (duty) 
reduces variation of cathode current. This point is described 
below. 
AS shown in FIG. 1, the leakage transformer 32 comprises 

a tertiary coil 42, which Supplies power for heating the 
cathode of a magnetron. The cathode of magnetron 41 is 
connected with a filter formed of an inductor and a capacitor 
for removing noise from cathode. The cathode, which being 
a resistor, has an impedance approximately 0.392. Imped 
ance of the inductor varies depending on operating fre 
quency; it is 0.492 at 30 kHz, or almost identical to the 
cathode impedance. This means that the impedance of the 
inductor Significantly influence the cathode current. 
Therefore, the above described phenomenon that an 
increased capacitance of Second capacitor 35 broadens a 
variable range of output with a certain Specific frequency 
also produces an effect of reducing the variation of cathode 
Current. 

Third Exemplary Embodiment 
DC source of the present invention is provided by recti 

fying a 200V group commercial power Supply. However, as 
described in Background Art Voltage range of the commer 
cial power Supplies in the World Spreads from approximately 
200V to 240V. It is desirable that certain means of a similar 
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category can control the output against varieties of commer 
cial power Supplies. However, it is difficult to overcome the 
voltage difference of 40V with an identical control means 
having identical circuit constant. The Second capacitor 35 
and the leakage transformer 32 are compelled to change 
their constants. 

The Second capacitor 35, the leakage transformer 32 and 
the magnetron 41 are shown simplified in an equivalent 
circuit in FIG. 7. The characteristic of AC Source current of 
the FIG. 7 is shown in FIG. 8. Symbol A represents a case 
where capacitance of the Second capacitor 35 is 4.5 uF, AC 
Source Voltage is 200V, and the constant of leakage trans 
former 32 are as shown in Table 2. Symbol B represents a 
case where capacitance of the Second capacitor 35 is 4.5 uF, 
AC Source Voltage is 240V, and the constant of leakage 
transformer remains the Same as in A. The operating fre 
quency of the present circuit is in a range from 20 kH, which 
being higher than audible frequency, up to around 40 kH. 
Within the range, the characteristics in current and fre 
quency of the AC Source remain almost identical to each 
other with A and B. Thus, in a case of high Supply Voltage, 
the current characteristics in the range from 20 kH to 40 kH 
may be made approximately identical to each other by 
increasing the capacitance of Second capacitor 35 to lower 
the resonance frequency. In a structure where the DC Source 
derives from a commercial power Supply and it is ranging 
from 200V to 240V, the current characteristics of a circuit 
may be kept identical by increasing capacitance of the 
Second capacitor 35 according to the Voltage increase of the 
commercial power Supply, while using a leakage trans 
former 32 of the same constant. 

Fourth Exemplary Embodiment 
In obtaining a DC Source from a commercial power 

Supply, for example, when Smoothing a full-wave rectified 
Voltage with a capacitor, the greater the degree of Smoothing 
the greater is the distortion in the commercial power Supply 
in the current waveform. Therefore, the capacitance of a 
Smoothing capacitor used in the present invention is made to 
be as small as possible. FIG. 9 is a circuit block diagram; 
where a content of the present invention is added to the 
circuit of FIG. 1, and then electric components are Sorted 
into respective blocks, with a Voltage, or current, waveform 
chart attached thereto. As shown in FIG. 9, the waveform of 
a full-wave rectified Voltage derived from a commercial 
power Supply has an envelope of the commercial power 
Supply frequency. Such voltage is delivered to the Subse 
quent Switching device, resonance circuit and rectifying 
circuit for driving a magnetron, therefore the anode current 
waveform of the magnetron also assumes the envelope of 
commercial power Supply frequency. As a magnetron oscil 
lates at a Voltage approximately -4 kV, it does not oscillate 
and have a pause period while the commercial power Supply 
Voltage is low. AS a result, the anode current envelope is not 
continuous, consequently envelope of the current waveform 
of commercial power Supply is not continuous. This creates 
a cause of distortion in the current waveform of commercial 
power Supply. Therefore, the current pause period needs to 
be as short as possible. 

The life of a magnetron is greatly dependent on peak 
value of anode current; the higher the current peak value the 
shorter is the life. Therefore, it needs to be suppressed to be 
lower than approximately 1.2 A. 

In the present invention, duty of the Switching device 
drive signal is varied in accordance with envelope of the 
commercial power Supply Voltage. Namely, the duty of first 
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Switching device 36 is made greater along with the lowering 
envelope Voltage, for outputting the magnetron drive 
Voltage, -4 kV, from the rectifier circuit. And the duty is 
made Smaller along with the increasing envelope Voltage So 
that the peak value of anode current does not exceed 1.2 A. 
AS already described in embodiment 2, the relationship 
between output and duty is shown in FIG. 5. As the output 
reaches its peak at approximately 40% duty, practical opera 
tion is conducted within a range of duty from 16 to 40% in 
a configuration where the duty of first Switching device 36 
is made greater along with the lowering envelop Voltage. In 
FIG. 9, there is a pulse width modulation section provided 
for increasing the duty of Switching device 36 against the 
lowering envelope Voltage. The pulse width modulation 
Section uses an output from Voltage detection Section as the 
base Signal. 

Inside the pulse width modulation Section, the base signal 
is reversed and amplified, and the amplification indeX is 
partially modified. This is because if a pulse width modu 
lation signal is formed in line with the output from Voltage 
detection circuit, the current waveform of commercial 
power Supply assumes a shape almost trapezoidal, and a 
distortion became increased. 

FIG. 10(a) shows a voltage waveform of an output from 
the Voltage detection Section corresponding to one cycle of 
commercial power supply, FIG. 10(b) shows a voltage 
waveform of an output from the pulse width modulation; the 
time axes of the above two charts are displayed with 
coincidence. The higher the Voltage waveform of pulse 
width modulation output the greater is the duty for driving 
the first Switching device. 
AS already described in the above, the output decreases 

when the duty goes above approximately 40%. Therefore, a 
limiting function is provided in the pulse width modulation 
section. In FIG.10(b), during the period A the upper limitter 
controls the duty not going higher than approximately 40%. 
Thus, the circuit comprises a DC Source derived from a 
commercial power Supply, a Source Voltage detection Section 
for detecting the Voltage of the DC Source, and a pulse width 
modulation Section which uses an output from the Source 
Voltage detection Section as the base signal. The Signal from 
the pulse width modulation Section is delivered to a driving 
Section, the driving Section drives a Switching device in 
accordance with above Signal. In this way, the pause period 
of commercial power Supply current can be made short, and, 
also, the peak value of anode current can be lowered. 

Fifth Exemplary Embodiment 
A method of obtaining an output even in the low envelope 

Voltage period has been described in the fourth exemplary 
embodiment. That is varying the duty of Switching device 
driving Signal in line with the envelope of commercial 
power Supply Voltage to make the duty of first Switching 
device greater against the lowering envelope Voltage. 
The output may be adjusted not only through the duty but 

it may also be varied by the frequency. Operation frequency 
of the present circuit is in the neighborhood of 30 kHz. As 
seen in the characteristics chart of FIG. 8, the current 
increases as it comes closer to the resonance point of 
resonance circuit. Therefore, the output may be increased 
further by increasing the duty of Switching device against 
the lowering envelope Voltage, along with lowering the 
operating frequency. 

FIG. 13 is a circuit block diagram showing a structure 
provided with a frequency modulation Section, which pro 
duces frequency modulation signal using an output from 
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Voltage detection circuit for detecting Voltage of a commer 
cial power Supply as the base signal. Inside the frequency 
modulation Section, the base signal is reversed and 
amplified, and the amplification indeX is partially modified. 
An output frequency modulation Signal is delivered to the 
driving Section, and the driving Section drives Switching 
device accordingly. 

If the operating frequency comes down lower than 20 
kHz, or within an audible frequency band, a Sound might be 
heard from the circuit. In order to avoid this, the frequency 
modulation Section limits the bottom of frequency at 
approximately 20 kHz. FIG. 12 shows voltage waveform; 
FIG. 12(a) shows an output from the voltage detection 
Section corresponding to one cycle of commercial power 
supply, FIG. 12(b) shows a pulse width modulation output, 
FIG. 12(c) shows a frequency modulation output; the time 
axes of the above charts are displayed with coincidence. The 
higher the Voltage waveform of pulse width modulation 
output the greater is the duty for driving the first Switching 
device. The higher the Voltage waveform of frequency 
modulation output the higher is the frequency at which the 
first switching device is driven. In FIG. 12(c), the period B 
in the output of frequency modulation Section reflects the 
function of limiting the bottom. 

Magnetrons can start operation when a Voltage of 
approximately -4 kV is applied and cathode is heated to 
2100 K. It takes some time before cathode temperature 
reaches 2100 K. For performing a high speed heating, it is 
essential to reduce the warm-up time as short as possible. A 
method for this purpose is to provide the cathode with a 
greatest possible current at the Start-up. However, because a 
coil to generate high Voltage (secondary coil 39) and a coil 
to Supply current to cathode (tertiary coil 42) are provided in 
one leakage transformer 32, providing a great cathode 
current at the Start-up inevitably raises Voltage of the Sec 
ondary coil 39. Then, the rectifying circuit 40 needs to be 
formed with electric components that have a Sufficiently 
high withstand Voltage. The cathode of magnetron 41 is 
provided with an inductor, impedance Z of the inductor is 
represented in Formula 5. 

Z=2JIfL (Formula 5) 
where: 
L is inductance 
f is frequency. 
Therefore, if frequency is lowered at the Start-up, the 

impedance Z is reduced and current flowing to cathode can 
be increased without a increase in the Voltage of Secondary 
coil. 
A circuit of the present invention is provided with a 

Start-up frequency Setting Section for releasing the frequency 
modulation at the start-up, as shown in FIG. 13, to have the 
circuit operate on the lowest frequency. The Start-up fre 
quency Setting Section detects the Voltage of primary coil, or 
Secondary coil, of leakage transformer for controlling the 
frequency So that the Voltage of primary coil, or Secondary 
coil, is kept constant. Therefore, the output voltage is kept 
Stable even when power Supply Voltage varies. If the first 
Switching device 36 is put into operation at the same low 
frequency even after the cathode of a magnetron reaching a 
temperature ready for Starting operation, the magnetron 
generates an excessive output. In order to avoid this, as Soon 
as a magnetron Start operation the Start-up frequency Setting 
Section is informed. Based on the information, the Start-up 
frequency Setting Section immediately revives the frequency 
modulation. 
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Output of a magnetron can be recognized from the 

amount of anode current. In FIG. 14, an anode current 
detection Section is provided for detecting anode current, 
and information from it is delivered to a microcomputer. The 
microcomputer controls an output adjustment Section for 
obtaining an output of a certain Specific level. The output 
adjustment Section delivers control Signal to the frequency 
modulation Section and the pulse width modulation Section. 
When output is to be lowered, the output adjustment Section 
takes action with priority on the pulse width modulation. If 
it is to be lowered further, action is taken on the frequency 
modulation. 

FIG. 15(a) shows a voltage waveform of an output, which 
is under the output control, from the Voltage detection circuit 
corresponding to one cycle of commercial power Supply, 
FIG. 15(b) shows a voltage waveform of an output from 
pulse width modulation circuit, FIG. 15(c) shows a voltage 
waveform of an output from frequency modulation circuit; 
the time axes of the above charts are displayed with coin 
cidence. In FIGS. 15(b), (c), dotted line represents the 
modulation Signal at high output, while Solid line represents 
that at low output. For lowering the output, the pulse width 
modulation Section is first put into action So that the Voltage 
waveform takes the shape of dotted line, and then the 
frequency modulation Section is put into action So that the 
Voltage waveform takes the shape of Solid line. 

By So doing, variation of the cathode current under output 
control can be made Small, and a range of output control can 
be made broader. 

Disorder of a magnetron may be judged from a signal of 
anode current detection Section for detecting output of anode 
current delivered to a microcomputer. If there is a Substantial 
discrepancy between an output determined by a microcom 
puter and the Signal from anode current detection Section, it 
is Suspected that the anode and the cathode could be making 
a short-circuiting, or they are in open State. In Such a case, 
the microcomputer may issue a stop signal to the output 
adjustment Section. 

Sixth Exemplary Embodiment 

In the circuit of FIG. 1, the first capacitor 34 is connected 
in parallel with the second Switching device 37, and is 
connected to the Series circuit formed of the Second capaci 
tor 35 and the primary coil 33 in series with respect to the 
first Switching device 37. However, these may be connected 
instead in the following configurations for obtaining the 
Same effect. 

A circuit of FIG.16(a); the first capacitor 34 is connected 
in parallel with said first Switching device 36, while the 
series circuit formed of the second capacitor 35 and the 
primary coil 33 is connected in parallel with the Second 
switching device 37. A circuit of FIG. 16(b); the first 
capacitor 34 is connected in parallel with the first Switching 
device 36, while the series circuit formed of the second 
capacitor 35 and the primary coil 33 is connected in parallel 
with the first switching device 36. A circuit of FIG.16(c); the 
first capacitor 34 is connected in parallel with the Second 
Switching device 37, while the series circuit formed of the 
second capacitor 35 and the primary coil 33 is connected in 
parallel with the first Switching device 36. 

Seventh Exemplary Embodiment 
Referring to FIG. 1, the driving means 38 contains in it an 

oscillation Section for providing drive signal to the first 
Switching device 36 and the second switching device 37. 
The OScillation Section generates Signal of a certain specific 
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frequency and duty to be delivered to the first Switching 
device 36 as the drive signal. The Second Switching device 
37 is provided with a reverse signal of the drive signal to first 
Switching device 36 given with a delay time. Therefore, if 
width of the initial pulse given to the first Switching device 
36 is made to be the Smallest, the Second Switching device 
37 is driven with the greatest pulse width. Assuming the 
circuit of FIG. 1, in which the first resistor 44 and the second 
resistor 45 are eliminated, although the first Switching 
device 36 has a great resistance during a Standby State, when 
the first Switching device 36 and the second Switching 
device 37 are not in operation, there is a Slight leakage 
current charging the Second capacitor 35, the potential of 
which reaches to the Source Voltage V. Collector Voltage 
V of the first Switching device 36 is OV. Starting from this 
State, when the first Switching device 36 starts its operation 
with the Smallest pulse width, there will be no change 
because the collector voltage V is OV. When the second 
Switching device 37 Starts its operation with the greatest 
pulse width, the Second capacitor 35 charged to the Source 
voltage V, discharges through the Second Semiconductor 
Switching device 37 and the primary coil 33. The discharge 
current is great as the Voltage of Second capacitor is as high 
as the Source Voltage V. This creates an Overvoltage in the 
secondary coil 39. 

So, a Series-connected first resistor 44 and Second resistor 
45 is connected in parallel with the DC source, the connect 
ing point between first resistor 44 and second resistor 45 is 
connected to the connecting point between first Switching 
device 36 and second switching device 37. Thereby, voltage 
V of Second capacitor 35 is divided at the initial Stage to 
the following. 

R: resistance of resistor 44, 
R: resistance of resistor 45 
Thus the occurrence of overcurrent and overVoltage is 

prevented even if apparatus is started at the time of greatest 
pulse width. 

Eighth Exemplary Embodiment 
Referring to FIG. 1, a magnetron driving circuit in accor 

dance with an eighth exemplary embodiment is shown. A 
DC source 31 is formed of a rectifying means 46, an inductor 
47 and a third capacitor 43, for rectifying a commercial 
power supply 49 and delivering it as DC voltage after 
smoothing. The inductor 47 and the third capacitor 43 form 
a filter, which reduces a noise generated as a result of 
Switching action of the first Switching device 36 and the 
second Switching device 37. In parallel with the output of the 
filter, or the capacitor 43, a surge absorber 50 is provided. 
Function of the Surge absorber 50 is described in the 
following. 
At the moment when commercial power supply 49 is 

connected, a Voltage approximately twice as high as that of 
the commercial power Supply is generated at the capacitor 
43 as a transitional phenomenon caused by the filter. In a 
case of 240V commercial power Supply, the peak value of 
the voltage reaches O2x240x2=650V. This voltage is 
applied on the first Switching device 36 connected to output 
of the filter. As described in embodiment 1, the highest 
Voltage in a circuit of the present invention at the first 
Switching device 36 is the DC source voltage V. With 
Some Safety margin to a 240V commercial power Supply, a 
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generally available device having 600V withstand voltage is 
used for the first Switching device. A voltage exceeding 
600V is not desirable in the circuit. So, a surge absorber 50 
is provided between the positive terminal and the negative 
terminal; in practice, a varistor having a 420-510V varistor 
Voltage is used. The varistor absorbs a Voltage exceeding 
600V, and no overVoltage is applied on the Switching device 
36. 

Instead, a surge absorber 51 may be provided on both ends 
of the first Switching device 36, as shown in FIG. 17. 

In the initial State, there is no energy accumulated in the 
inductor 47, the third capacitor 43, the first capacitor 34, the 
second capacitor 35 and the leakage transformer 32. When 
a commercial power Supply 49 is connected, a Voltage twice 
as high as that of the commercial power Supply emerges at 
both ends of the third capacitor 43, as described earlier. As 
the leakage transformer 32 and the Second capacitor 35 do 
not have initial energy, their voltage is Zero; the Voltage at 
both ends of the third capacitor 43 is applied on the first 
Switching device 36. 

Therefore, a surge absorber 51 connected at both ends of 
the first Switching device 36 provides the same effects as the 
case where it is connected at the output of the filter. 

Ninth Exemplary Embodiment 
FIG. 18 shows a circuit diagram in accordance with a 

ninth exemplary embodiment of the present invention. A 
Voltage detecting means 52 is provided for detecting a 
Voltage at the point where the primary coil 33 and the Second 
capacitor 35 are connected. Numeral 53 represents stop 
control means, which delivers a stop control Signal to a 
driving means 38 in accordance with output Signal from the 
Voltage detecting means 52. 
When a Sudden impedance change is occurred by a 

discharge within a magnetron 41, or by a short-circuit 
between anode and cathode of a magnetron 41 or in the high 
Voltage Section of a full-wave Voltage-doubling rectifier 
circuit 40, or by the like reasons, inductance of primary coil 
33 decreases suddenly. FIG. 19 illustrates waveforms in the 
constituent Sections of the circuit under the above described 
state; FIG. 19(a) shows a current waveform of the first 
switching device 36, FIG. 19(b) shows a voltage waveform 
at the connection point of the primary coil 33 and the Second 
capacitor 35, FIG. 19(c) shows a voltage waveform of the 
third capacitor 43, FIG. 19(d) shows a voltage waveform of 
the first semiconductor Switching device 36, FIG. 19(e) 
shows an output signal waveform of the Stop control means 
53. Referring to FIG. 19, an impedance change occurs at 
time T, the current flowing in the first Switching device 36 
Starts increasing (a). 
As a result, during the period T when the first Switching 

device 36 in conduction State, third capacitor 43 discharges 
its electric charge through primary coil 33 and Second 
capacitor 35 and the voltage goes low. When the first 
Switching device 36 turns OFF with an overcurrent I a 
Voltage higher than normal emerges at the first Switching 
device 36 and the connection point of primary coil 33 and 
Second capacitor 35. AS Soon as the Voltage at the connection 
point of primary coil 33 and Second capacitor 35 exceeds a 
predetermined value V, (b), it is detected by the Voltage 
detecting means 52 and the Stop control means 53 issues a 
Signal (e), which is transferred to the driving means 38 and 
the operation of first Switching device 36 and second Switch 
ing device 37 is discontinued. Thus, continuous generation 
of Overvoltage/overcurrent is prevented. 
The continuous generation of overVoltage/overcurrent in 

the first Switching device 36 and the second Switching 
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device 37 may be prevented also through a structure where 
the point of Voltage detection is at the third capacitor 43, as 
shown in FIG. 20. 

When a Sudden impedance change is caused by a short 
circuiting between anode and cathode of a magnetron 41 or 
in the high voltage section of a rectifier circuit 40 or by the 
like reasons, Voltage of the first Switching device 36 also 
tends to go high. Therefore, the continuous overVoltage/ 
overcurrent on the first switching device 36 and the second 
Switching device 37 may be prevented also through a 
structure of FIG. 21, where a point of voltage detection is at 
the first Switching device 36. 

Tenth Exemplary Embodiment 
The anode-cathode impedance of a magnetron is high at 

the Start-up until the cathode temperature reaches an appro 
priate level. There is a possibility of a high Voltage arising 
between anode and cathode during the period. Therefore, the 
Voltage between anode and cathode needs to be controlled. 
The Voltage between anode and cathode, that of Secondary 
coil 39 are as high as several kilo-volts, and it is difficult to 
detect them. In the present embodiment, the anode-cathode 
Voltage is controlled based on information obtained through 
detection of the voltage of primary coil 33, which is closely 
interrelated with the voltage of secondary coil 39. 
A magnetron driving circuit in accordance with a tenth 

exemplary embodiment is shown in FIG. 22. A third resistor 
54 and a fourth resistor 55 are connected in series, one end 
of which is connected to the connection point of primary coil 
33 and second capacitor 35, while the other end is connected 
to one end of the DC source 31, for the purpose of detecting 
the voltage of primary coil 33. The fourth resistor 55 is 
connected to a comparator 30, which compares the Voltage 
of fourth resistor 55 with a reference voltage 29 to control 
the driving means 38 So that the both Voltages are equiva 
lent. Thereby the anode-cathode Voltage at the Start-up 
period is controlled to an appropriate value. 

The resistors forming the Voltage detecting means 52 
shown in FIG. 18 in accordance with embodiment 9 may be 
used in common as the third resistor 54 and the fourth 
resistor 55. 

Eleventh Exemplary Embodiment 
FIG.23 illustrates appearance of a structure in accordance 

with an eleventh exemplary embodiment; where, electric 
components constituting the circuit of FIG. 1 are mounted 
on a printed circuit board 56. 

Anti-toppling means 57, 58 are provided to prevent occur 
rence of Such an accident that an electric component is 
pushed to become aslant by a casual external force and 
coming into contact with other electric component. For 
example, in order to prevent a diode 59, or 60 and the first 
capacitor 34 from making contact to each other as a result of 
a casual force accidentally given to, an axial type electric 
component is disposed at the foot of the first capacitor 34 as 
anti-toppling means 57. The axial type electric component 
means electronic components that can be mounted on a 
circuit board by an automatic mounting machine, having 
radial lead-wires, and each of the lead-wires are Soldered on 
the printed circuit board 56; therefore, it is hardly toppled or 
dislocated. 

In the present embodiment 11, a first resistor 44 connected 
in parallel with a first capacitor 34, shown in FIG. 1, is used 
for the anti-toppling means 57. The first resistor 44 is an 
axial type 0.5 watt resistor, which is connected in parallel 
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with the first capacitor 34, namely the two components share 
a Same potential, So there will be no problem even if they 
accidentally come into contact. The resistor 44 is a constitu 
ent electronic component forming the circuit. The pattern of 
the printed circuit board 56 is designed so that the resistor 44 
is placed at the foot of the first capacitor 34. Under such an 
arrangement, even if the first capacitor 34 was pushed, the 
resistorStops it falling down, and the capacitor will not come 
into actual contact with the diode 60. When it is possible to 
place a constituent component in Such an arrangement 
described above, no extra component is needed for the 
anti-toppling means. No cost of additional components, no 
additional cost of assembly is required. 
Although an axial type component actually functioning in 

the circuit has been used for the anti-toppling means, an 
extra dummy resistor of axial type may be used Solely for the 
anti-toppling purpose, if it is difficult to place one of the 
constituent resistors at a place where the anti-toppling means 
is to be located. Because Such dummy resistors are readily 
available at low price. 

Twelfth Exemplary Embodiment 
FIG. 24 is a magnetron driving circuit in accordance with 

a twelfth exemplary embodiment. The portions share the 
same function in common as in the circuit of FIG. 28 are 
represented with the same numerals. The portions related to 
Switching devices and capacitors are Structured in the same 
way as in FIG. 1 of embodiment 1, therefore these portions 
are shown simply in block form. A first connection Section 
14 is the point of connection between a pattern 16 of printed 
circuit board and a metal sheet 17, or a metal cabinet 64, of 
high frequency heating apparatus. These items are con 
nected together by a screw bolt for electrical connection, as 
illustrated in FIG. 30. In the present invention, an opening 
61 is provided in the board at the vicinity of a hole 25 having 
an eyelet, for the insertion of a lead wire 62 at its one end. 
The lead wire 62 is soldered to the pattern 16, as shown in 
FIG. 24. 
A second connection section 63 is the other end of the lead 

wire 62, which is an electrical connecting point to be formed 
by fastening a terminal provided at the other end of the lead 
wire 62 to the metal cabinet 64, or the metal sheet 17 of the 
metal cabinet 64, with a screw bolt. 
With the above described configuration, a Sure connection 

between a printed circuit board and the metal cabinet is 
double-Safeguarded by two different types of connections, a 
first connection Section 14 and a Second connection Section 
63. In the actual Stage of manufacturing, a forgotten Screw 
ing of a bolt in some of the holes of the printed circuit board 
Sometimes occur by negligence of an assembly perSon. 

Referring to FIG. 25, holes 20-24 are for fixing the 
printed circuit board on a fixing plate with screw bolts. The 
grounding hole 25 is to be connected to a metal chassis by 
Screwing with a bolt. 

Practically, as the holes to be fastened with bolt are 
Spreading in Several points on a printed circuitboard, it is not 
easy to recognize each of their location immediately without 
fail, which could eventually lead to a forgotten fastening by 
an assembly perSon. If this happened on the important hole 
25 having an eyelet, the result is serious. The lead wire 62 
plays a role of locating the important hole. Also, the exist 
ence of lead wire keeps assembly perSon alert not to forget 
fastening it with a bolt. Thus the Sureness of the connection 
is significantly improved. 

FIG. 26 shows structure of a lead wire 62. The lead wire 
is inserted in a hole of printed circuit board 12 at one end 
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provided with a terminal having a structure as illustrated, 
called “board-in terminal'. A latch mechanism 65 can easily 
penetrate through a hole as its outer member having an 
elastic property is bent by the circumferential edge of the 
hole; after it penetrated through the hole the once-bent latch 
mechanism expands again by the Spring action and the lead 
wire can not be pulled off. The other end of the lead wire is 
provided with a round terminal 66. So, once a lead wire 62 
is mounted by insertion in a printed circuit board, it will not 
fall off even if it is accidentally pulled during assembly 
proceSS by a casual hand of an assembly perSon. After the 
board-in terminal is soldered to the printed circuit board 12, 
the lead wire 62 can withstanda Substantial pulling force and 
stays for Sure on the printed circuit board 12 keeping a Sure 
connection thereon. 

The lead wire 62 is clamped in the copper wire 69 by a 
copper wire clamp plate 67; in addition, it is clamped on the 
coat by a coat clamp plate 68. This Structure protects the 
copper wire 69 from being bent and broken by a bending 
StreSS applied repeatedly on the area Stripped off the coat. 

FIG. 27 illustrates how a printed circuit board of magne 
tron driving circuit is transferred to Soldering process, as 
viewed from the side. A printed circuit board 56 is placed at 
its side on a conveyer 70 to be carried to a solder bath. A 
barrier 71 regulates positioning of the printed circuit board 
56 in the horizontal direction so that it does not fall off the 
conveyor 70. While a printed circuit board is undergoing 
Such procedure, the lead wire 62 can keep on Standing 
upright by itself So as not going to tilt or bend outside of the 
transportation area, if thickness of the core wire, Stiffness of 
the coat, and Such other factors of lead wire 62 are opti 
mized. The bent or fallen lead wire may be blocked by the 
conveyor 70 or the barrier 71 inviting troubles. So, the 
Standing lead wire would contribute to improve the produc 
tivity in the practical manufacturing process. 

INDUSTRIAL APPLICABILITY 

In a circuit of the present invention, the Switching loSS of 
Switching devices is reduced by taking advantage of the 
resonance circuit System. Furthermore, the Voltage applied 
to the Switching devices can be controlled So as it does not 
going higher than the DC Source Voltage. As a result, in a 
circuit where the DC Source derives from a commercial 
power supply of approximately 200V to 240 V, a semicon 
ductor device of approximately 600V withstand voltage, for 
example IGBT, MOS, can be used. 

According the circuit of the present invention, a leakage 
transformer used in a magnetron driving circuit whose DC 
Source derives from a 100V, or 120V commercial power 
supply can also be used for the 200V to 240V commercial 
power Supply. 

With a commercial power Supply from 200V to 240 V, the 
current characteristics in a range between 20 kHz to 40 kHz 
can be made approximately identical by increasing the 
capacitance of Second capacitor along with the increasing 
Voltage of the commercial power Supply. Therefore, it is not 
necessary to change the constant of the leakage transformer; 
a same leakage transformer may be used in common. 

Because the peak value of anode current, which is a 
decisive factor to the life time of a magnetron, can be 
controlled not to be greater than approximately 1.2 A, a long 
life of a magnetron is assured. 

Providing a start-up frequency Setting Section, the cathode 
current can be increased without inviting an increased 
Voltage of Secondary coil. Cathode temperature quickly 
reaches a certain predetermined level, and the magnetron 
will be quickly ready for operation. 
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Utilizing an axial component that is a constituent com 

ponent disposed on the same printed circuit board as an 
anti-toppling tool for preventing electric components from 
making physical contact to each other makes the assembly 
operation easier and inexpensive. Also the overall size of a 
printed circuit board may be reduced. 
The connection with the lead wire between the metal 

cabinet and the printed circuit board provides a double 
Safety in the electrical connection. This enhances the reli 
ability. 
AS a results of the above, highly reliable, non-expensive 

and easy to produce high frequency heating apparatus can be 
obtained. 
What is claimed is: 
1. A high frequency heating apparatus comprising: 
a DC source (31), 
a leakage transformer (32) connected to the positive 

terminal (+) of said DC source (31), 
a Second capacitor (35) connected in Series to primary coil 

(33) of said leakage transformer (32), 
a second Switching device (37) connected to the positive 

terminal (+) of said DC source (31), 
a first capacitor (34) connected in parallel with said 

second switching device (37), 
a first Switching device (36) connected in Series to said 

Second Switching device (37), also connected to the 
negative terminal (-) of said DC source (31), 

driving means (38) for driving said first Switching device 
(36) and said second switching device (37), 

rectifying means (40) connected with secondary coil (39) 
of said leakage transformer (32), and 

a magnetron (41) connected with Said rectifying means 
(40). 

2. The high frequency heating apparatus of claim 1, 
wherein the Second capacitor (35) is provided with a great 
capacitance for enabling the output control through pulse 
width. 

3. The high frequency heating apparatus of claim 1, 
wherein 

the mutual relationship among capacitance C of Second 
capacitor (35), primary coil (33) inductance L of 
leakage transformer (32), resonance frequency f given 
in 

1 
f = - –, 
R 2.7 V L. C. 

and operating frequency fo of driving means (40) 
Satisfy 

2.45 < WL. C. < 3.55 

1.38 Jo < 4. 
fr 

4. The high frequency heating apparatus of claim 1, 
wherein a series circuit formed of Said first capacitor (34), 
said Second capacitor (35) and said leakage transformer (32) 
assumes either one of the following Structures: 

(1) said first capacitor (34) is connected in parallel with 
Said Second Switching device (37), and a series circuit 
of said second capacitor (35) and primary coil (33) of 
Said leakage transformer (32) is connected in parallel 
with said second Switching device (37), 
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(2) said first capacitor (34) is connected in parallel with 
Said first Switching device (36), and a series circuit of 
said second capacitor (35) and said primary coil (33) is 
connected in parallel with Said Second Switching device 
(37), 

(3) said first capacitor (34) is connected in parallel with 
Said first Switching device (36), and a series circuit of 
said second capacitor (35) and said primary coil (33) is 
connected in parallel with Said first Switching device 
(36), or 

(4) said first capacitor (34) is connected in parallel with 
Said Second Switching device (37), and a series circuit 
of said second capacitor (35) and said primary coil (33) 
is connected in parallel with Said first Switching device 
(36). 

5. The high frequency heating apparatus recited in one of 
claims 1 through 4, deriving the DC source (31) from a 
rectified commercial power supply of 200V to 240V, 
wherein the higher the Voltage of Said commercial power 
Supply the greater is the capacitance value of Second capaci 
tor (35), while constant of the leakage transformer (32) 
remains the same. 

6. The high frequency heating apparatus recited in one of 
claims 1 through 4, comprising a DC Source (31) derived 
from a rectified commercial power Supply, a Voltage detec 
tion section (52) for detecting voltage of said DC source 
(31), and a pulse width modulation Section which uses 
output of Said Voltage detection Section as the base Signal, 
wherein 

Signal from Said pulse width modulation Section is deliv 
ered to driving means (38), and said driving means (38) 
drives Switching device (36, 37) in accordance with 
Said Signal. 

7. The high frequency heating apparatus of claim 6, 
wherein the pulse width modulation section is provided with 
a limiting function for Setting an upper limit on the duty. 

8. The high frequency heating apparatus of claim 6, 
wherein magnetron (41) output is controlled through both 
the pulse width modulation and the frequency modulation, 
with a priority placed on the output control through pulse 
width modulation to the output control through frequency 
modulation. 

9. The high frequency heating apparatus recited in one of 
claims 1 through 4, comprising a DC Source (31) derived 
from a rectified commercial power Supply, a Voltage detec 
tion section (52) for detecting voltage of said DC source 
(31), and a frequency modulation Section which uses output 
from Said Voltage detection Section as the base Signal, 
wherein 

Signal from Said frequency modulation Section is deliv 
ered to driving means (38), and said driving means (38) 
drives Switching device (36, 37) in accordance with 
Said Signal. 

10. The high frequency heating apparatus of claim 9, 
wherein the frequency modulation Section is provided with 
a limiting function for Setting a bottom limit to the fre 
quency. 

11. The high frequency heating apparatus of claim 9, 
further comprising a start-up frequency Setting Section for 
releasing the frequency modulation at the Start-up period to 
perform the control at a fixed frequency. 

12. The high frequency heating apparatus of claim 11, 
wherein the frequency modulation is applied as Soon as the 
magnetron (41) starts operation. 
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13. The high frequency heating apparatus of claim 9, 

wherein magnetron (41) output is controlled through both 
the pulse width modulation and the frequency modulation, 
with a priority placed on the output control through pulse 
width modulation to the output control through frequency 
modulation. 

14. The high frequency heating apparatus recited in one of 
claims 1 through 4, wherein a Series-connected first resistor 
(44) and second resistor (45) is connected in parallel with 
said DC Source (31), and the connecting point of said first 
resistor (44) and said second resistor (45) is connected to the 
connecting point of Said first Switching device (36) and Said 
second switching device (37). 

15. The high frequency heating apparatus recited in one of 
claims 1 through 4, wherein said DC source (31) further 
comprises an anti-toppling device (57) provided at the foot 
of circuit components mounted on a printed circuit board 
(56), aiming for preventing said circuit components from 
toppling and making contact with other circuit components 
that have different potential. 

16. The high frequency heating apparatus of claim 15, 
wherein one of the constituent circuit components is used 
also for the anti-toppling device (57). 

17. The high frequency heating apparatus of claim 1, 
comprising a DC Source (31) formed of rectifying means 
(46), and a filter composed of an inductor (47) and a third 
capacitor (43) for Smoothing the output of Said rectifying 
means (46), further comprising a surge absorber (50) at the 
output end of said filter (43,47). 

18. The high frequency heating apparatus of claim 1, 
comprising a DC Source (31) formed of rectifying means 
(46), and a filter composed of a inductor (47) and a third 
capacitor (43) for Smoothing the output of Said rectifying 
means (46), further comprising a Surge absorber (50) con 
nected parallel to Said Semiconductor device. 

19. The high frequency heating apparatus of claim 1, 
including Voltage detecting means (52) and stop control 
means (53), wherein 

said voltage detecting means (52) detects Voltage at the 
point of connection of primary coil (33) of Said leakage 
transformer (32) and Said second capacitor (35) con 
nected in Series, and deliverS Signal to Said stop control 
means (53), said stop control means (53) stops said 
driving means (38) in accordance with the signal. 

20. The high frequency heating apparatus of claim 19, 
wherein Said voltage detecting means (52) detects output 
voltage of said capacitor (43) of said DC source (31). 

21. The high frequency heating apparatus of claim 19, 
wherein said voltage detecting means (52) detects Voltage to 
be applied on said first Switching device (36). 

22. The high frequency heating apparatus of claim 1, 
further including a series circuit of third resistor (54) and 
fourth resistor (55) provided between the connection point 
of said leakage transformer (32) and Second capacitor (35) 
and the negative terminal (-) of said DC source (31). 

23. The high frequency heating apparatus of claim 22, 
further comprising a comparator (30) connected to said 
fourth resistor (55), wherein said comparator compares the 
voltage of said fourth resistor (55) with a reference value and 
controls said driving means (38). 

k k k k k 
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